Lithological, structural, metamorphic and geochronological data for the North China Craton enable its division into the Western and Eastern Blocks of Archean to Paleoproterozoic age separated by a north -south trending Paleoproterozoic orogenic belt: the Central Zone. The Central Zone is divisible into a series of low-to medium-grade granite-greenstone belts and high-grade metamorphic terrains containing reworked Archean material and late Archean to Paleoproterozoic juvenile igneous and sedimentary rocks which developed in intra-continental magmatic arc and intra-arc basin environments bordering the western margin of the Eastern Block. The basement rocks from the Central Zone, regardless of their protolith age, composition and metamorphic grade, record a metamorphic history characterized by nearly isothermal decompression (M 2 ) and then retrogressive cooling (M 3 ) following peak metamorphism (M 1 ). The decompression textures are represented by worm-like hypersthene +plagioclase symplectites or clinopyroxene + orthopyroxene +plagioclase coronas in mafic granulites, hornblende/cummingtonite+plagioclase symplectites in amphibolites, and cordierite coronas and cordierite +orthopyroxene or cordierite + spinel symplectites in pelitic rocks. The cooling textures are shown by hornblende + plagioclase symplectites in mafic granulites, chlorite+epidote + mica retrogressive rims around garnet or hornblende grains in amphibolites, and biotite + Kfeldspar9 muscovite 9magnetite replacing garnet, cordierite and sillimanite in pelitic gneisses. These textural relations and their P-T estimates define near-isothermal decompressional clockwise P -T paths, which, in combination with lithological, structural and geochronological constraints, are in accord with collision between the Eastern and Western Blocks of the North China Craton at 1.8 Ga.
Introduction
The variations of pressure and temperature that characterize a metamorphic event are a function of the tectonic setting and of the processes that were active during metamorphism Thompson and England, 1984; Bohlen, 1987; Harley, 1989; Brown, 1993) . Thus, the thermal evolution of a metamorphic belt has been regarded as one of the most important keys to understanding the tectonic history of complex metamorphic terranes, and metamorphic P -T paths have been used successfully to constrain the tectonic setting and processes (Harley, 1985 (Harley, , 1988 Mezger et al., 1990; Bohlen, 1991; Mengel and Rivers, 1991) . Generally, clockwise, especially isothermal decompressional, P -T paths are considered to develop in continental collisional environments Thompson and England, 1984; Bohlen, 1991; Brown, 1993) , whereas anticlockwise, especially isobaric cooling, P-T paths are interpreted to be related to the intrusion and underplating of mantle-derived magma which may occur in intracontinental magmatic arc regions (Wells, 1980; Bohlen, 1987 Bohlen, , 1991 , hot spots related to mantle plumes (Bohlen, 1991) and incipient rift environments (Sandiford and Powell, 1986) . However, inferences about tectonic setting and process based on P-T paths are often complicated by variations in P-T data from different rock units or tectonic domains within the same terrane (Selverstone and Chamberlain, 1990) . For example, contrasting P-T paths have been observed between anticlines and adjacent synclines, or between hanging and foot wall of the same fault (Chamberlain and Karabinos, 1987) .
As one of the best exposed Archean to Paleoproterozoic cratonic blocks in the world, the North China Craton is a promising area for applying the large-scale synthesis approach of metamorphic P-T paths to understanding tectonic settings and processes, since numerous studies on the tectonothermal evolution of basement rocks have been undertaken throughout the craton in the past decade and a P -T data base, largely published in Chinese, is now available (Cui et al., 1991; Jin et al., 1991; Lu, 1991; Li, 1993; Liu et al., 1993; Lu and Jin, 1993; Sun et al., 1993a; Chen et al., 1994; Ge et al., 1994; Zhao et al., 1998 Zhao et al., , 1999a . Zhao et al. (1998 Zhao et al. ( , 1999a have summarized the P-T paths of basement rocks in the eastern and western parts of the craton and discussed their tectonic implications. On the basis of lithological, structural, metamorphic and geochronological data, Zhao et al. (1998 Zhao et al. ( , 1999a proposed that the North China Craton may have been composed of two separate continental blocks, called the Eastern and Western Blocks, from the late Archean to Paleoproterozoic and the 1.8 Ga collision between these two blocks along the Central Zone resulted in the final amalgamation of the North China Craton Wu and Zhong, 1998; Zhao et al., 1998 Zhao et al., , 1999a . The purpose in this communication is to examine the collision-related tectonothermal evolution of various rock units and metamorphic domains in the Central Zone and, in combination with lithological, structural and geochronological data to further constrain the Paleoproterozoic amalgamation of the Eastern and Western Blocks which formed the North China Craton.
Regional setting
The North China Craton is the largest and oldest known cratonic block in China, covering an area of more than 1 500 000 km 2 , and is bounded by faults and younger orogenic belts (Fig. 1) . The early Paleozoic Qilianshan (QLS) Orogen and the late Paleozoic Tianshan-Inner Mongolia-Daxinganling (TIMD) Orogen bound the craton to the west and the north, respectively, whereas in the south the Mesozoic Qinling-Dabie-Su-Lu (QDSL) high-to ultrahigh-pressure belt separates the craton from the South China Craton (Fig. 1) .
The tectonic evolution of the North China Craton is poorly constrained. Traditionally, it has been considered to be composed of a uniform Archean crystalline basement, overlain by a Proterozoic to Cainozoic cover, and its history was explained using a pre-plate tectonic geosynclinal-style model (Huang, 1977) . Terrane accretion and collisional models have only been applied recently (Li et al., 1990; Zhai et al., 1992; Wang et al., 1996; Zhao et al., 1999a,b) , including recognition of a Paleoproterozoic orogen along the central North China Craton, named the Central Zone, which separates the craton into Western and Eastern Blocks ( Fig. 2 ; Zhao et al., 1999a,c) .
The Eastern Block includes the MiyunChengde, Eastern Hebei, Western Liaoning, Western Shangdong, Eastern Shandong, Southern Liaoning, Northern Liaoning and Southern Jilin domains (Fig. 2) . It consists predominantly of Late Archean domiform tonalitic -trondhjemiticgranodioritic (TTG) batholiths and −2.5 Ga syntectonic granites outlined by anastomosing networks and linear belts of open to tight synforms of minor volcanic and sedimentary rocks metamorphosed in greenschist to granulite facies at 2.5 Ga, with anticlockwise P -T paths (Cui et al., 1991; Li, 1993; Ge et al., 1994; Sun et al., 1993b; Song et al., 1996; Krö ner et al., 1998; Zhao et al., 1998) . Some Early to Middle Archean rocks are locally present in the Eastern Block (Huang et al., 1986; Jahn et al., 1987; Qiao et al., 1987; Liu et al., 1992; Song et al., 1996) , but their tectonic nature and deformational and metamorphic history are unclear due to reworking during the 2.5 Ga tectonothermal event. The Western Block, including the Helanshan-Qianlishan, Daqingshan-Ulashan, Guyang-Wuchuan, Sheerteng and Jining domains (Fig. 2) , has a late Archean lithological assemblage, structural style and metamorphic history similar to that of the Eastern Block (Li et al., 1987; Shen et al., 1987 Shen et al., , 1990 Jin et al., 1991; Liu et al., 1993; Lu and Jin, 1993) , but differs by the absence of Early to Middle Archean assemblages and by being overlain by and interleaved with Paleoproterozoic khondalites. The latter, defined as a suite of granulite facies supracrustal rocks including graphitebearing sillimanite-garnet gneisses and associated garnet-bearing felsic paragneisses (leptynites), quartzites, calc-silicate rocks and marbles, were affected by a 1.8 Ga metamorphic event char- acterized by clockwise P -T paths (Jin et al., 1991; Lu, 1991; Liu et al., 1993; Lu and Jin, 1993; Zhao et al., 1999a) . Separating the two blocks is the Central Zone which extends as a north -south trending belt across the North China Craton (Fig. 2) . The zone consists of a series of greenschist-to granulite-facies metamorphic terrains containing re-worked Archean components derived from the Western and Eastern Blocks, together with late Archean to Paleoproterozoic juvenile igneous and sedimentary rocks. Geochemical studies of metamorphosed mafic rocks suggest that the basement rocks in the Central Zone developed in continental magmatic are and intra-arc basin environments (Bai, 1986; Geng and Wu, 1990; Wu et al., 1991; Zhang et al., 1991; Bai et al., 1992; Wang et al., 1996) and were metamorphosed in greenschist to granulite facies at about 1.9-1.8 Ga (Wilde et al., 1997 Wu et al., 1997; Zhao et al., 1999b; Zhao et al., in press ). These arcs and intra-arc basins most likely developed on the western margin of the Eastern Block, since most reworked mid-Archean TTG gneisses and granulites discovered in the Central Zone show compositional features and isotopic ages similar to those in the Eastern Block (Zhao et al., 1999c) .
The Central Zone is separated from the Western Block by the Huashan-Lishi-Datong-Duolun (HLDD) Fault and from the Eastern Block by the Xingyang-Kaifeng-Shijiazhuang-Jiianping (XKSJ) Fault (Fig. 2) . Both faults strike N -S in the central and southern parts and turn to N -E in the north (Fig. 2) . The central and southern segments of the XKSJ Fault are also called the Zhuoxian-Shijiazhuang Fault and XingtaiAnyang Fault and constitute part of a major fault system in the eastern part of China (Ren, 1980) . The presence of voluminous mantle-derived basalts exposed along the two faults suggests that these faults are deep-seated, possibly reaching into the lower crust or upper mantle (Ren, 1980) . Geophysical data indicate a westward increase of depth to the Moho across the Central Zone from 37 km in the east along the XKSJ Fault to 42 km in the west along the HLDD Fault (Ren, 1980) . The exact ages of these two faults have not been determined, but a major phase of activity was presumably in the Mesozoic, as shown by the eruption of voluminous basalts along the faults (Ren, 1980) . Therefore, whether these two faults represent the original fundamental boundaries between the two blocks and the Central Zone remains unknown. The interpretation preferred here is that the two faults represent cryptic Late Archean to Paleoproterozoic tectonic boundaries that were reactivated during the Mesozoic.
Basement rocks in the Central Zone and their radiometric ages
The Central Zone of the North China Craton consists of the Dengfeng, Fuping, Hengshan, Huaian, Lü liang, northern Hebei, Taihua, Wutai, Zanhuang, Zhongtiao and high-pressure granulite (HPG) domains, with boundaries defined by faults or obscured by younger rock units (Fig. 2) . These domains consist predominantly of varying proportions of late Archean to Paleoproterozoic basement rocks metamorphosed in greenschist to granulite facies. On the basis of lithology and metamorphic grade, the basement rocks in the Central Zone can be further divided into highgrade areas and low-grade granite -greenstone belts. The former include the Fuping, Hengshan, Huaian, HPG and Taihua domains and are composed predominantly of late Archean TTG gneisses and supracrustal rocks with minor amounts of Paleoproterozoic: upper amphibolite to granulite facies metavolcanics and metasediments. The granite-greenstone belts include the Dengfeng, Lü liang, Wutai, Zhongtiao and Zanhuang domains and are dominated by late Archean to Paleoproterozoic granites and associated greenstone sequences metamorphosed in lower greenschist to amphibolite facies. The northern Hebei domain contains a number of small-scale, high-grade granulite facies belts surrounded by low-grade granite-greenstone belts. In most cases, basement rocks in the low-grade granite-greenstone belts show a continuation from the late Archean to Paleoproterozoic. The largest outcrop of such a segment is in the Wutai (including the Hutuo Group) domain that comprises the Lower Wutai Group (2.55 Ga), the Upper Wutai Group (2.10 Ga), and the Hutuo Group dated at 1.90-1.80 Ga (Liu et al., 1985; Tian, 1991; Bai and Dai, 1998; Cawood et al., 1998; Wilde et al., 1998) .
Radiometric dating efforts have been concentrated mostly in the Wutai, Zhongtiao, HPG, Huaian, Fuping, Lü liang, Dengfeng domains, whereas age data from the Hengshan and Taihua domains are very sparse and no ages have been reported from the northern Hebei and Zanhuang domains. The available radiometric ages are shown schematically in Fig. 3 . With the present scarcity of data it is unknown whether there is the early Archean (\ 3.2 Ga) crust in the Central Zone of the North China Craton, although a 33239 44 U-Pb single zircon age has been reported from 'old' tonalitic gneiss from the Huaian domain (Krö ner et al., 1987) . A few ages of 2.8 Ga have been reported from TTG gneisses, mafic granulites and amphibolites in the Huaian, Hengshan, Fuping, Taihua and Dengfen domains (Fig. 3; Liu et al., 1985; Krö ner et al., 1988; Tian et al., 1992; Wang et al., 1995) . These ages are insufficient to document the existence of mid-Archean crust in the Central Zone and most likely represent minor amounts of reworked mid-Archean components derived from the Eastern and/or Western Blocks. It appears from the present data that much of the basement framework of the Central Zone was established after 2.6 Ga, with a major crust-forming event at 2.5 Ga (Fig. 3 ). This included mafic volcanism and TTG magmatism in the high grade areas, such as the Huaian, Hengshan, Fuping, Taihua domains, and the eruption of basalts, dacites, rhyodacites and andesites and emplacement of granites in the granitegreenstone belts, such as the Wutai, Lü liang, Zhongtiao and Dengfen domains ( Fig. 3 ; Chen et al., 1980; Liu et al., 1985; Krö ner et al., 1988; Fig. 3 . Available radiometric data from the Central Zone of the North China Craton. Except where noted, all ages are U -Pb zircon ages: 1, 'old' tonalitic gneiss (Krö ner et al., 1987) ; 2, medium-pressure granulites, Sm -Nd whole-rock isochron (Wang et al., 1995) ; 3, high-pressure granulites, Sm-Nd whole-rock isochron (Shen et al., 1994; Guo et al., 1996) ; 4, high-pressure metamorphosed dykes, Sm -Nd whole-rock isochron (Guo et al., 1996) ; 5, medium-pressure granulites (Wang et al., 1995) ; 6, TTG gneisses (Shen et al., 1990; Wang et al., 1995) ; 7, high-pressure granulites (Shen et al., 1994) ; 8, potassium granite (Guo et al., 1996) ; 9, mafic dyke (Wang et al., 1995) ; 10, high-pressure granulites (Guo et al., 1996) ; 11, pelitic gneiss (Guo et al., 1996) ; 12, garnet -pyroxene -hornblende Sm -Nd isochron age of high-pressure granulites (Guo et al., 1996) ; 13, charnockite (Guo et al., 1996) ; 14, medium-pressure granulites, Sm -Nd whole-rock isochron (Tian et al., 1992) ; 15, lower intercept of multi-grain zircon population from tonalitic gneiss (Tian et al., 1992) ; 16, upper intercept of multi-grain zircon population from tonalitic gneiss (Tian et al., 1992) ; 17, 'old' tonalitic gneiss (Liu et al., 1985) ; 18, amphibolite, Sm-Nd whole-rock isochron (Zhang et al., 1991) ; 19 -20, tonalitic gneiss and granitic gneiss (Wilde, SA, unpublished data) ; 21-22, granitic gneiss and tonalitic gneiss (Xu et al., 1995) ; 23, paragneiss (Liu et al., 1985) ; 24, amphibolite, Sm -Nd whole-rock isochron (Sun et al., 1992) ; 25, felsic gneiss (Liu et al., 1985) ; 26, granitic gneiss (Zhang et al., 1991) ; 27 -33, granitic gneiss, biotite 40 Ar/ 39 Ar (Xu et al., 1995) ; 34, medium-pressure granulites (Liu et al., 1985) ; 35, granitic pegmatite (Wilde, SA, unpublished data); 36-37, TTG gneisses (Krö ner et al., 1988) ; 38, TTG gneisses (Chen et al., 1980) ; 39 -41, granites (Bai et al., 1992) ; 42-43, amphibolites, Sm-Nd whole-rock isochron ; 44 -45, amphibolites, Rh -Sr whole-rock isochron ; 46-47, amphibolite (Bai et al., 1992) ; 48 -49, phyllite, Sm -Nd whole-rock isochron ; 50 -52, phyllite, Rb-Sr whole-rock isochron (Bai et al., 1992) ; 53 -56, granites (Liu et al., 1985) ; 57 -65, granites (Wilde et al., 1997) ; 66, syn-tectonic granite, Rb-Sr whole-rock isochron (Sun et al., 1992) ; 67 -70, meta-andacite/dacite (Wilde et al., 1997 ; 71 -74, metabasalts (Bai et al., 1992; Wang et al., 1997) ; 75 -76, metabasalts, Sm -Nd whole-rock isochron ; 77 -78, porphyritic granites (Wilde, SA, unpublished data) ; 79, greenschist (Wilde et al., 1997) ; 80, paragneiss (Liu et al., 1985) ; 81, metabasalt, Sm-Nd whole-rock isochron (Sun et al., 1992); 82 -83, hornblende, 40 Ar/ 39 Ar (Wang et al., 1997b) ; 84, post-orogenic granite (Wang et al., 1997b); 85-87, meta-rhyodacite (Krö ner et al., 1988) ; 88, metavolcanics (Chen et al., 1980) ; 89-90, paragneiss, (Zhang et al., 1985) ; 91, metamorphosed mafic volcanics, Sm -Nd whole-rock isochron (Zhang, 1988) ; 92, metamorphosed mafic volcanics, Rb-Sr whole-rock isochron (Zhang, 1988) ; 93, metavolcanics, Rb -Sr whole rock isochron (Qiao, 1985) ; 94 -99, metatuff (Sun et al., 1993a) ; 100-102, metavolcanics, Rb -Sr whole-rock isochron (Sun et al., 1993b) ; 103 -105, metavolcanics (Sun et al., 1993a) ; 106-106, granite (Sun et al., 1993b) ; 107, pelitic schist -marble, Rb -Sr whole-rock isochron (Sun et al., 1993a) ; 108 -109, amphibolite, Sm-Nd whole-rock isochron (Sun et al., 1993b) . Zhang, 1988; Bai et al., 1992; Sun et al., 1992 Sun et al., , 1993a Tian et al., 1992; Shen et al., 1994; Wang et al., 1995; Guo et al., 1996; Wang et al., 1997a; Wilde et al., 1997 Wilde et al., , 1998 . In most domains, the eruption of mafic to felsic volcanic rocks and emplacement of TTG and granite plutons occurred during the period from 2.5 to 1.9 Ga, as recorded in 2.5 Ga TTG gneisses and 2.3 Ga mafic granulites and amphibolites in the Huaian and Fuping domains and 2.3 Ga metabasalts, 2.1 Ga porphyritic granites, 2.0 Ga metatuffs, 1.9 Ga mafic dykes in the Wutai, Lü liang and Zhongtiao domains (Zhang, 1988; Sun et al., 1992 Sun et al., , 1993b Wang et al., 1995 Wang et al., , 1997b Wilde et al., 1997) .
The major metamorphic event affecting basement rocks of the Central Zone occurred at 1.8 Ga. In the Fuping, Hengshan and Huaian domains, multi-grain zircon populations from TTG gneisses gave upper intercept U -Pb ages of 2.5 Ga and lower intercepts of 1.8 Ga; the latter is considered to represent the age of the tectonothermal event (Liu et al., 1985; Tian et al., 1992; Wang et al., 1995) . The 1.8 Ga tectonothermal event was also revealed by Sm -Nd ages of garnets from the high-pressure granulites and 40 Ar/ 39 Ar ages of homblendes in amphibolites and biotites in TTG gneisses ( Fig. 3 ; Xu et al., 1995; Guo et al., 1996; Wang et al., 1997a,b) . In addition, recent SHRIMP U -Pb zircon dating has recognized two zircon age groups within TTG gneisses and supracrustal rocks from the Hengshan, Wutai and Fuping domains at 2500 and 1800 Ma (Wilde et al., 1997 Krö ner, personal communication, 1999) , where the younger ages are obtained mainly from rims of zircons and thus interpreted to date the metamorphic event.
Determinations of P -T paths
Several techniques, including microstructural analysis, mineral zoning patterns, data from fluidinclusion studies and P -T determinations made with internally consistent thermodynamic datasets have been applied to deducing metamorphic P -T paths (Zhang, 1990; Zhai et al., 1992; Mei, 1994; Liu, 1995 Liu, , 1996a Zhao et al., 1998 Zhao et al., , 1999a Zhao et al., in press) . In this section, we use textural criteria to infer metamorphic reactions and their relative timing, and conventional geothermobarometry, the programs THERMO-CALC (Powell and Holland, 1994; Holland and Powell, 1998) and TWQ (Berman, 1991) to derive P-T conditions from mineral compositional data. Most minerals from mafic granulites were analysed with a Link EDS system connected to a Jeol 6400 electron microprobe at the University of Western Australia, using Link's software for ZAF correction and data processing. Analyses were performed with 15 kV accelerating voltage, 5 nA beam current and counting time of 30-40 s. Natural and synthetic minerals were used as standards. Compositions of minerals from amphibolites were determined with an EPM-810Q electron microprobe at Beijing University, with an accelerating voltage of 15 kV, a beam current of 15-20 nA and a spot size of 2-10 g. Natural minerals were used as standards for major elements with synthetic oxides and silicate minerals used for some minor elements. A representative selection of the minerals used for P-T calculations is included in Tables 1-3 , and the whole dataset used for P-T calculations in the Hengshan, Wutai, Fuping, Lü liang and HPG domains are available from the first author.
The following discussions will mainly focus on the Hengshan (HS), Wutai (WT), Fuping (FP), Lü liang (LL), Zhongtiao (ZT), Huaian (HA), HPG and Northern Hebei (NH) domains from which mineral assemblages, reaction relations, thermobarometric data and P-T paths have been relatively well documented, whereas metamorphic and P-T data from the Zanhuang (ZH), Dengfeng (DF) and Taihua (TH) domains are unavailable at present.
Hengshan domain (HS)
The Hengshan domain is located in the central area of the Central Zone, approximately 300 km west-southwest of Beijing (Fig. 2) . The domain is dominated by grey gneisses (TTG), with minor amounts of mafic granulites which are restricted to boudins and sheets within the grey gneisses. Although there are sharp contacts between the mafic granulites and the TTG gneisses, no obvious intrusive relationships have been observed. The long axes of the granulite boudins are always parallel to the regional strike of the foliation of the TTG gneisses. What remains unknown is the protoliths of the mafic granulites; they may have been derived from either metamorphosed basalts or from metamorphosed basic intrusives, including gabbros and dolerite dykes. Two age groups have been recognized from cores and rims of zircons by SHRIMP U-Pb dating of a TTG gneiss sample; the older cores at 2550 Ma, interpreted to represent the protolith age, and the younger rims at 1800 Ma, corresponding to the age of the subsequent, overprinting metamorphic event Krö ner, personal communication, 1999) .
Petrographic observations in the garnetiferous mafic granulites indicate three stages of metamorphic evolution. The M 1 stage represents the growth of relatively coarse-grained garnet+orthopyrox-ene +clinopyroxene+plagioclase +quartz. The minerals in this stage display granoblastic polygonal texture. Garnet occurs mainly as inclusionfree, porphyroblast grains. Chemically, garnets are grossular-and pyrope-rich and spessartine-poor almandine (Alm 53-65 Grs 16-32 Prp 12-15 Sps 1-6 ; Table  1 ). The zoning profile of garnet is characterized by a decrease in almandine and an increase in grossular from rim to core, whereas spessartine and pyrope contents are nearly uniform (Table 1 and Fig. 4(a) ). Orthopyroxene, clinopyroxene, plagioclase and quartz occur as matrix minerals. Plagioclase shows a distinct compositional zoning, with an andesine core and a labradorite rim (Table 1 and Fig. 4(b) ), whereas matrix-type clinopyroxene and orthopyroxene lack any pronounced compositional zoning.
The M 2 stage is represented by worm-like hypersthene+ plagioclase9magnetite symplectites ( Fig. 5(a) ) or clinopyroxene +orthopyroxene+ plagioclase coronas that commonly separate garnet from quartz grains (Fig. 5(b) ). Locally, orthopyroxene+plagioclase9 magnetite symplectites completely replace garnet grains and occur as pseudomorphs (Fig. 5(c) ). These textures suggest a combination of the following decompressional reactions (Harley, 1989) :
garnet+ quartz+O 2 orthopyroxene+plagioclase+ magnetite (2) garnet+ quartz clinopyroxene+ plagioclase
The M 3 stage is represented by hornblende+ plagioclase symplectites around garnet grains (Fig. 5(d) ). In most cases, hornblende + plagioclase symplectites in the granulites occur around those garnet grains which lack pyroxene+plagio-clase symplectites; or coronas. In some places, however, the two kinds of symplectites or coronas coexist near the same garnet grain. In the latter case, the hornblende+ plagioclase symplectites or coronas are invariably located adjacent to the garnet grain and separate the embayed garnet grains from the pyroxene+ plagioclase symplectites or coronas (Fig. 5(c) ). Locally, the symplectic orthopyroxene and/or clinopyroxene grains are replaced by symplectic hornblende (Fig. 5(f) ). These textures suggest that the hornblende+ plagioclase symplectite formed later than the pyroxene+ plagioclase symplectites or coronas. The formation of hornblende+ plagioclase has been related to the following two generalized hydration reactions by Harley (1989) and Mengel and Rivers (1991 
Both reactions require the presence of some water, suggesting that their occurrence depends on fluid compositions as well as P -T conditions.
The program THERMOCALC (Powell and Holland, 1994) was used to estimate the metamorphic P-T conditions of the M 1 , M 2 and M 3 stages because this program contains thermodynamic data for Ca-tschermak and Mg-tschermak's pyroxenes which are significant components in pyroxenes of the Hengshan granulites. Appendix A gives details about this program, including the internally consistent thermodynamic databasets and activity models used in the program. To reduce the effect of resetting during postpeak thermal events (M 2 , M 3 ), the estimates of P -T conditions during the peak stage (M 1 ) are based on the core compositions of garnet and matrix orthopyroxene, clinopyroxene and plagioclase from those samples which do not contain symplectites. The end-member phases that can best reflect the bulk composition and record the metamorphic conditions of the M 1 assemblage include anorthite, pyrope, almandine, grossular, quartz, diopside, hedenbergite, Ca-tschermak pyroxene, ferrosilite, enstatite and Mg-tschermak's pyroxene, which make up six independent equilibria. The average P -T conditions estimated with these independent equilibria are 9 -11 kbar and 820 -870°C for the core compositions, and 7.0 -8.0 kbar and 730-850°C for the rim compositions, with the standard errors of 9 0.5 -1.5 kbar and 920-60°C. The former is assumed to represent the peak P-T conditions, whereas the latter represents P-T conditions during M 2 and/or M 3 .
The P-T conditions of M 2 are difficult to estimate because the existence of a corona reflects a disequilibrium between the minerals inside, outside and across the corona. However, local equilibrium between the minerals is assumed since symplectic and coronitic minerals do not show pronounced compositional zoning. The P -T estimates for the M 2 assemblage are based on garnet and symplectic/coronitic clinopyroxene, orthopyroxene and plagioclase compositions just inside the outermost rims (30 -50 mm), assuming that these compositions have been in equilibrium. For the orthopyroxene+clinopyroxene + plagioclase corona, the end-member phases and their solid solution models were the same as those used for the peak assemblage (M 1 ). For the orthopyroxene + plagioclase symplectite, the selected endmember phases include anorthite, pyrope, almandine, grossular, quartz, ferrosilite, enstatite and Mg-tschermak's pyroxene and THERMO-CALC yielded average P -T conditions of 6.5 -7.5 kbar and 740-840°C for the M 2 stage, with the standard errors of 9 0.5 -1.0 kbar and 920 -50°C.
The compositions of garnet, symplectic amphibole and plagioclase rims inside the outermost rims were selected for determination of P -T conditions of the M 3 stage. The end-member phases chosen were anorthite, albite, pyrope, almandine, grossular, quartz, tremolite, tschermakite, Fe-actinolite, pargasite, glaucophane and H 2 O, which constitute five independent reactions. The M 3 P-T conditions estimated with these five independent reactions by THERMOCALC fall in the range 4.0-6.0 kbar and 680-750°C, with the standard errors of 9 0.5-1.0 kbar and 9 20-40°C.
Taken together, the textural relations and the quantitative P-T estimates for the M 1 , M 2 and M 3 assemblages define a nearly isothermal decompression clockwise P-T path for the mafic granulites from the Hengshan domain (Fig. 6(a) ).
Wutai domain (WT)
The Wutai domain, bounded to the northwest by the Hengshan domain and to the southeast by the Fuping domain, represents the best preserved granite-greenstone terrane in the North China Craton ( Fig. 2 ; Bai, 1986; Bai et al., 1992; Tian, 1991) . The domain comprises a sequence of metamorphosed ultramafic to felsic volcanic rocks, variably deformed granitoid rocks, along with lesser amounts of siliciclastic and carbonate rocks and banded iron formations. SHRIMP ages of zircons from greenstone rocks and associated granitoid rocks from the Wutai domain range from 2550 to 2520 Ma (Wilde et al., 1997) . The age of the peak metamorphism has not been well constrained, but a minimum age is provided by hornblendes from an amphibolite sample which have been dated using the 40 Ar/ 39 Ar method at 17819 20 Ma, interpreted as a cooling age (Wang et al., 1997a) .
Petrographic evidence from the Wutai amphibolites shows four metamorphic stages. The M 1 assemblage is composed of plagioclase+ quartz+ actinolite+ chlorite+epidote+ biotite+ rutile, preserved as inclusions within garnet porphyroblasts. This is a greenschist facies assemblage which is stable between 400 and 500°C (cf. Yardley, 1989) , whereas its pressure cannot be qualitatively estimated because of the lack of suitable mineral assemblages. Considering the presence of rutile, which has the smallest molecular volume of the TiO 2 polymorphs and tends to occur in relatively were estimated using the TWQ program (Berman, 1991) , based on the core compositions of garnet porphyroblast and matrix amphibole, plagioclase, ilmenite and biotite. Appendix A gives a detailed description about this program, including its main differences from the THERMOCALC program and the internally consistent thermodynamic databasets and activity models used in this program. The end-member phases used in calculations for the M 2 stage are albite, anorthite, pyrope, almandine, beta-quartz, Fe-tremolite, Fe-tschermakite, Fe-pargasite, phlogopite, annite, ilmenite and rutile. The choice of the Fe-bearing amphibole end-members was based on the fact that the compositions of the matrix amphibole (M 2 ) vary from ferroan-pargasite to ferro-pargasite, and to hastingsite. Eight equilibria can be written between the selected end-member phases, of which three are linearly independent. Two representative TWQ results are presented graphically in Fig.  7(a-b) , which show a good intrasample convergence of the eight possible equilibria (three independent). The average P-T conditions for the M 2 stage are 600-650°C and 10-12 kbar.
The M 3 stage is represented by amphibole+ plagioclase, ilmenite+ plagioclase and ilmenite+ plagioclase+amphibole symplectites around the embayed garnet grains. Symplectic amphibole occurs as fine subhedral grains, intergrown with symplectic plagioclase. They may have been produced by the following generalized reactions: garnet (core)+ plagioclase (matrix) +quartz (matrix or inclusion)+ H 2 O garnet (rim)+ plagioclase (symplectite) + amphibole (symplectite) (6) garnet+ plagioclase (matrix)+ rutile (matrix) plagioclase (symplectite) +ilmenite (symplectite) (7) where in both cases symplectic plagioclase is more An-rich than matrix plagioclase. For example, An content is between 40 and 45 for symplectic plagioclase and between 13 and 15 for matrix plagioclase (Table 2) . Compared with the matrix-type amphibole, symplectic amphibole is lower in Na 2 O and FeO (Table 2 ). The P-T conditions of the M 3 stage were estimated based on the rim high-pressure assemblages (Deer et al., 1992) , the pressure of M 1 is assumed to be higher than 3 -4 kbar. The M 2 stage represents the growth of coarse garnet porphyroblasts and matrix minerals of amphibole +plagioclase + quartz + biotite 9 clinopyroxene9rutile9 ilmenite. Garnet occurs as subhedral porphyroblasts (up to 3.0 mm) containing M 1 mineral inclusions, and are grossularrich, relatively pyrope-and spessartine-poor almandine, without pronounced compositional variations from core to rim (Table 2 ). Plagioclase and quartz occur primarily as xenoblastic grains (0.5 -1.0 mm). Plagioclases are Na-rich and range from An 11 to An 20 (Table 2) , without compositional zoning. Amphibole occurs as subhedral grains (0.5-1.5 mm), and ranges modally from 30 to 70%. Biotite and ilmenite appear commonly in minor amounts, with little compositional variation from core to rim. The P -T conditions of M 2 compositions of garnet and symplectic amphibole and plagioclase. The end-member phases used in the calculations were albite, anorthite, pyrope, almandine, grossular, beta-quartz, tremolite, tschermakite, Fe-tschermakite and Fe-pargasite, which constitute 17 possible equilibria (three independent). Two representative TWQ results are shown in Fig. 7(c-d) . The TWQ results are quite similar and yield an average temperature of 610 -650°C and pressure of 6.0 -7.0 kbar for the M 3 stage.
The M 4 assemblage is represented by chlorite and epidote replacing garnet, chlorite replacing amphibole and epidote replacing plagioclase. These replacements represent a retrogressive or retrograde metamorphic process involving the breakdown of relatively higher P -T assemblages in association with declining P -T conditions (Barker, 1989, pp. 60 -62) . Therefore, the P -T estimates from the four metamorphic stages for the Wutai domain define a isothermal decompressional, clockwise, P-T path (Fig. 6(b) ).
Petrographic observations in the Wutai pelitic gneisses or schists indicate dime metamorphic mineral assemblages. The early prograde assemblage (M 1 ) is plagioclase + quartz + biotite+ muscovite+ staurolite, occurring as inclusions within garnet porphyroblasts. The peak assemblage is plagioclase+quartz +kyanite/sillimanite + biotite+ garnet 9muscovite, representing the growth of porphyroblasts and matrix minerals. The decompressional assemblage is represented by cordierite+plagioclase symplectites surrounding garnet porphyroblasts (Liu, 1996b; Wang et al., 1997c) . The P -T conditions of M 1 were estimated at 7 -8 kbar and 550 -600°C, based on the garnet -biotite -muscovite -plagioclase thermobarometers of Hodges and Crowley (1985) . The P-T conditions of M 2 were estimated at 10-11 kbar and 600 -650°C, with the garnetbiotite thermometer of Hodges and Crowley (1985) and the garnet -plagioclase -Al 2 SiO 5 -quartz barometer of Koziol and Newton (1988) . The P-T conditions of M 3 were estimated at 10 -11 kbar and 600 -650°C, based on the garnet -cordierite thermometer of Aranovich and Kosyakova (1983) and the garnet -cordierite -sillimanite-quartz barometer of Aranovich and Kosyakova (1983) . These P-T estimates also define a isothermal decompressional, clockwise, P-T path (Fig. 6(c) ; Liu, 1996a; Wang et al., 1997c) .
Fuping domain (FP)
The Fuping domain lies adjacent to the southeastern part of the Wutai domain and approximately 250 km southwest of Beijing (Fig. 2) . It consists predominantly of a variety of grey gneisses, mafic granulites, amphibolites and metapelites, banded iron formation, calcsilicate rocks and marbles in amphibolite to granulite facies (Zhao et al., in press ). SHRIMP U-Pb zircon dating of the TTG gneisses from the Fuping domain reveal two distinct age groups at 2750-2500 and 1800 Ma . The older ages were obtained in the cores of zircons and are interpreted to be the protolith age, whereas the younger ages come from rims of zircons and are interpreted to represent a metamorphic event .
The mafic granulites preserve peak and peakpost metamorphic reaction textures and P-T information. Like the mafic granulites from the Hengshan domain, the mineral assemblages in the Fuping mafic granulites reflect three metamorphic stages (Zhao et al., in press ). The M 1 stage is represented by the growth of garnet porphyroblasts and matrix quartz+plagioclase+ orthopyroxene+ clinopyroxene; M 2 is documented by worm-like orthopyroxene+ clinopyroxene+ plagioclase9magnetite symplectites and coronas around embayed garnet grains; and M 3 is represented by hornblende+ plagioclase symplectites surrounding garnet grains. The symplectic and coronitic plagioclase, orthopyroxene and clinopyroxene were produced through reactions (1), (2) and (3), and the symplectic hornblende and plagioclase were produced by hydration reactions (4) and (5). The M 1 P-T conditions obtained with TWQ thermobarometry are 8.5-9.5 kbar and 870-930°C for the M 1 assemblage, based on the core compositions of garnet, matrix orthopyroxene, clinopyroxene and plagioclase. The P-T conditions of M 2 were estimated at 6.5-7.0 kbar and 800-850°C based on the garnet rim compositions and symplectic or coronitic orthopyroxene, clinopyroxene and plagioclase compositions. The M 3 P-T conditions were calculated at 6.0 -7.0 kbar and 650-700°C based on garnet rim compositions and symplectic hornblende and plagioclase compositions. These P -T estimates define a nearisothermal decompressional, clockwise P -T path for the Fuping domain (Fig. 6(d) ). Similar P -T paths were determined from the pelitic gneisses in the Fuping domain (Liu and Liang, 1997) .
Lüliang domain (LL)
The Lü liang domain is located in the western Shanxi Province, approximately 200 km southwest of the Wutai domain (Fig. 2) . The domain consists of a lower sequence (the Jiehekou Group) of paragneisses, amphibolites and carbonates metamorphosed at amphibolite facies, and a tectonically overlying sequence (the Lü liang Group) composed of clastic sediments, mafic to felsic volcanic rocks and pelitic rocks metamorphosed at greenschist facies. These rocks are considered to be the low grade equivalents of the Wutai greenstones (Zhang, 1988; Tian, 1991) . Amphibolite from the lower sequence of the Lü liang domain has been dated with the Sm -Nd whole-rock isochron method at 2469 9159 Ma, interpreted to be a rock-forming age (Zhang, 1988) . A number of 2.0 Ga Rb-Sr whole-rock isochron ages have been reported from the low-grade metasedimentary rocks in the upper sequence of the domain (Qiao, 1985) . These ages were previously interpreted to be protolith ages, but a preferred interpretation is that they represent mixing ages of metamorphic minerals formed at 1.8 Ga and partially-reset minerals from the protolith. The metamorphic age of these basement rocks has not been constrained.
Four distinct stages of metamorphism are recognized in garnetiferous amphibolites from the lower sequence. The M 1 assemblage plagioclase+ hornblende+ quartz is preserved as inclusions inside garnet grains. In most cases, the M 1 minerals are randomly oriented, but in a few cases, they define the S 1 foliation by preferred orientation of fine-grained hornblende and elongated quartz. S 1 is oblique to the matrix foliation S 2 . The M 2 stage represents the growth of coarse-grained garnet porphyroblasts and matrix mineral assemblage plagioclase+ hornblende+ quartz9clino-pyroxene. Garnet is compositionally pyrope-rich and spessartine-poor almandine, without pronounced core to rim compositional variations (Table 2) . Matrix plagioclases occur as xenoblasts, without marked core to rim compositional variations. Amphibole occurs as subhedral grains and ranges modally from 30 to 70%. Garnet and minor amounts of clinopyroxene in the M 2 assemblage may have been produced from the M 1 minerals through the following generalized reactions:
The M 3 stage is characterized by the development of plagioclase+ cummingtonite symplectites around garnet grains. Symplectic cummingtonites occur as fibrous aggregates intergrown with coronitic plagioclase separating garnet grains from quartz. This texture suggests that the symplectite cummingtonite+ plagioclase was produced by the following generalized hydration reaction:
The symplectic plagioclase is slightly more calcic than matrix plagioclase, with an An content of 39-49 for symplectic plagioclase and 30-46 for matrix plagioclase (Table 2) .
The M 4 stage is represented by retrogressive minerals such as chlorite, actinolite and epidote replacing garnet, plagioclase and hornblende grains. These retrogressive minerals may be produced by the following generalized hydration reactions:
THERMOCALC (Appendix A) was used to calculate the P-T conditions because this program includes thermodynamic data for cummingtonite that appears in the amphibolites in the Lü liang domain. The M 1 conditions were estimated based on the compositions of the plagioclase+hornblende + quartz inclusions and core compositions of inclusion-bearing garnet grains, and the M 2 conditions were estimated based on the core compositions of matrix plagioclase, hornblende and garnet porphyroblasts surrounded by matrix plagioclase and quartz. The end-member phases used in the calculations include anorthite, pyrope, almandine, grossular, quartz, tremolite, tschermakite, pargasite and H 2 O, which constitute three independent equilibria. These independent equilibria gave average P -T estimates of 7.0 -7.5 kbar and 500 -550°C for the M 1 assemblage, and 9.0 -10.0 kbar and 600 -650°C for the M 2 mineral assemblage, with the standard errors of 90.6 -1.2 kbar and 9 20 -50°C. The P-T calculations of M 3 were estimated based on the compositions of symplectic cummingtonite+ plagioclase and the rim compositions of garnet. The end-member phases used in the calculations include anorthite, albite, pyrope, almandine, grossular, quartz, tschermakite, grunerite, cummingtonite and H 2 O. There are three independent equilibria that can be written between these end-member phases. These equilibria yielded average P -T estimates of 6.0 -6.5 kbar and 600-650°C for the M 3 stage, with the standard errors of 9 0.4 -1.2 kbar and 930 -50°C. The M 4 mineral assemblage is typical of greenschist facies with a stability range of 400 -500°C (cf. Yardley, 1989, pp. 49-51) , whereas its pressure cannot be quantitatively estimated because of the lack of diagnostic mineral assemblages. The P-T estimates for M 1 -M 3 (M 4 ) define a clockwise P-T path for the Lü liang domain (Fig. 6(e) ).
Zhongtiao domain (ZT)
The Zhongtiao domain defines the southern margin of the Central Zone (Fig. 2) . It consists of TTG gneisses, syn-tectonic granites, and supracrustal rocks including amphibolites, pelitic schists, felsic paragneisses, calc-silicate rocks and conglomeratic rocks metamorphosed at greenschist to amphibolite facies. Sun et al. (1993a) dated the amphibolites by the Sm-Nd wholerock isochron method at 2554 935 and 2497 9 51 Ma, calc-silicate rocks and tonalitic gneisses by the single-grain zircon U-Pb method at 2348912 and 232192 Ma, respectively. These ages were interpreted to reflect rock-forming events and thus suggest that the supracrustal assemblage including amphibolites and calc-silicate rocks developed prior to the intrusion of tonalitic plutons (Sun et al., 1993b) . A syn-tectonic granite yielded a single-grain zircon U-Pb age of 18889 52 Ma, interpreted as the age of peak metamorphism (Sun et al., 1993a) .
Textural relations in the garnetiferous pelitic schists indicate three metamorphic stages for the Zhongtiao metamorphic complex (Mei, 1994) . M 1 is represented by chlorite, muscovite, biotite, garnet (core), plagioclase and quartz, which occur as oriented inclusion trails, defining an early foliation within garnet porphyroblasts. The M 2 assemblage is muscovite+biotite+ garnet+ staurolite+ plagioclase+ quartz and occurs as porphyroblasts or matrix minerals and defines the regional foliation. The M 3 stage is shown by the retrogressive mineral assemblage muscovite+biotite+ chlorite9 garnet (rim)9 plagioclase (rim)9 quartz. Using the conventional garnet-biotite geothermometer of Ferry and Spear (1978) and garnet-biotitemuscovitequartz geobarometer of Hodges and Crowley (1985) , Mei (1994) estimated the P-T conditions for M 1 at 4.0-5.0 kbar and 450 -470°C, M 2 at 5.0 -6.0 kbar and 500 -600°C, and M 3 at 0.5 -1.0 kbar and 500-550°C. These P -T estimates define a clockwise P-T path for the Zhongtiao domain (Fig. 6(f) ). Mei (1994) also used the GIBBS program of Spear (1989) to establish a P -T path from garnet zonation, which is in agreement with the P-T path defined by conventional thermobarometers (Fig. 6(f) ).
Huaian domain (HA)
The Huaian domain forms the northwestern part of the Central Zone (Fig. 2) . The domain comprises high-grade TTG gneisses, granitoids and mafic granulites, with minor amounts of metasedimentary rocks. Recent U -Pb and SmNd dating by Guo et al. (1996) , Shen et al. (1994) and Wang et al. (1995) have recognized two main age groups within the Huaian domain at 2500 -2400 and 1900-1800 Ma, which were interpreted as ages of the protolith and the main metamorphic event, respectively.
The metamorphic evolution of the rocks in the Huaian domain has been described by Zhang et al. (1994) and Liu (1995) . These authors recognized four metamorphic stages (M 1 -M 4 ) in both mafic granulites and Al-rich gneisses. In mafic granulites of the Huaian domain, the M 1 stage is represented by the assemblage hornblende+pla-gioclase+quartz 9magnetite, which occurs as inclusions within orthopyroxene, clinopyroxene and garnet. The P-T conditions of M 1 were estimated at 7.5-8.5 kbar and 550 -650°C using the plagioclase-amphibole geothermobarometers (Plyusnina, 1982; Holland and Blundy, 1994 The P-T conditions of M 2 were estimated at 9.0-11.0 kbar and 800-850°C using the garnetclinopyroxene geothermometers (Ellis and Green, 1979; Ganguly et al., 1988) and garnet-orthopyroxene-plagioclase-quartz (Newton and Perkins, 1982) , garnet-clinopyroxene-plagioclase-quartz (Newton and Perkins, 1982) , garnet-clinopyroxene-orthopyroxene -plagioclase-quartz (Paria et al., 1988) and orthopyroxene -garnet geobarometers (Harley, 1984) . The M 3 stage is represented by the assemblage orthopyroxene+ plagioclase+ clinopyroxene9 magnetite which occur as symplectites or coronas surrounding embayed garnet grains. They may have been produced through reactions (1), (2) and (3). The same geothennobarometers used for the M 2 stage yielded 6.5-7.5 kbar and 700-750°C for the M 3 stage, based on the rim compositions of garnet and symplectic or coronitic plagioclase, orthopyroxene and clinopyroxene. The M 4 stage is represented by the mineral assemblage cummingtonite+ plagioclase, which occur as retrogressive rims surrounding orthopyroxene and clinopyroxene grains. The P-T conditions of this stage cannot be quantitatively estimated because of the lack of suitable geothermometers and geobarometers, but in most cases, the transition from pyroxene (M 3 ) to cummingtonite (M 4 ) indicates a retrogressive metamorphic process (Barker, 1989, p. 61) Thus, the mineral assemblages and available P-T estimates for the mafic granulites define a clockwise P-T path for the Huaian domain (Fig. 6(g) ).
In the Al-rich gneisses, the M 1 stage is represented by the assemblages kyanite+ garnet (core)+ biotite+ plagioclase+quartz, which are present as inclusions within the garnet grains and define an early foliation (S 1 ). The P-T conditions of M 1 were estimated at 600-670°C and pressures of 7.5-8.5 kbar using the garnet-biotite geothermometer of Ferry and Spear (1978) and the garnet-plagioclase-kyanite-quartz geobarometer of Koziol and Newton (1988) . The M 2 stage is defined by the mineral assemblages sillimanite + garnet (rim)+ biotite+plagioclase+ quartz, which occur as a matrix and define the regional foliation (S 2 ). The M 2 assemblage differs from the M 1 assemblage only in the absence of kyanite and the presence of sillimanite. The reactions for the transition from M 1 to M 2 remains unknown because of the lack of clear reaction relations. The P -T conditions of M 2 have been estimated at 9.5 -11.0 kbar and 800 -850°C with the garnet -biotite geothermometer of Ferry and Spear (1978) and the garnet-plagioclase -sillimanite -quartz geobarometer of Koziol and Newton (1988) . The M 3 stage is shown by: (1) cordierite coronas around garnet, (2) cordierite+orthopyroxene symplectites on garnet grains, (3) cordierite+ spinel coronas around garnet grains, and (4) spinel+K-feldspar+ quartz symplectite matrix biotite (Liu, 1995) . These coronitic and symplectic textures suggest the following generalized reactions for the transition from M 2 to M 3 :
Reactions (17), (18) and (19) are considered to indicate a decompressional process (Hensen and Green, 1972; Vielzeuf, 1983) . The P -T conditions of M 3 were estimated at 650 -750°C and 5.0 -6.5 kbar using the garnet -cordierite thermometer of Aranovich and Kosyakova (1983) and the garnet -cordierite-sillimanite -quartz barometers of Thompson (1976) and Aranovich and Kosyakova (1983) . The M 4 stage is represented by the retrogressive mineral assemblage of biotite+K-feldspar+ magnetite surrounding garnet, or fine-grained muscovite+ quartz surrounding sillimanite or cordierite. The possible reactions for the transition from M 3 to M 4 may be involved in fluids containing K 2 O and N 2 O (Lu et al., 1992) . The metamorphic temperature of this stage was semi-quantitatively estimated at 550 -620°C using the garnet-biotite thermometer of Ferry and Spear (1978) , but the pressure cannot be quantitatively estimated. Therefore, the P -T estimates from Al-rich gneisses also define a clockwise P -T path for the Huaian domain (Fig. 6(h) ). Similar P-T paths have been inferred by Zhang et al. (1994) .
HPG domain
HPG from the Central Zone of the North China Craton are referred to as those granulite facies metabasic rocks which contain the main (peak) mineral assemblage clinopyroxene+ plagioclase+ garnet+ quartz. They are distinguished from eclogites by the presence of plagioclase and from medium-pressure granulites by the lack of orthopyroxene in the main mineral assemblage. Recent geological investigations reveal that the high-pressure granulites within the Central Zone occur along a northeast-southwest trending zone that extends from the Hengshan area , through the Huaian (Zhai et al., 1992 (Zhai et al., , 1995 Guo et al., 1996) and Xuanhua , into the northern Hebei Province (Li et al., 1998) , a distance of 500 km (Fig. 2) . In the field, the high-pressure granulites are restricted to enclaves, boudins and sheets, ranging from 0.1 to 2 m in width and 0.1 to 50 m in length, within heterogeneous, migmatitic veined and deformed upper amphibolite to granulite facies TTG gneisses. The protoliths of these high-pressure granulites remains unknown. They may be metamorphosed basalts or basic intrusives, including gabbro and dolerite dykes; the latter appears to be the most likely interpretation (Krö ner, personal communication, 1999) . Sm-Nd whole-rock isotopic analyses from six high-pressure granulite samples gave a grouped age of 26479115 Ma (Guo et al., 1996) , which was interpreted as the protolith age. Sm-Nd isotopic analyses on the metamorphic minerals garnet, clinopyroxene, orthopyroxene, hornblende and the whole rock yielded an isochron age of 18279 18 Ma (Guo et al., 1996) . Zircons separated from the above six Sm-Nd samples also yielded an upper intercept age of 18339 24 Ma (Guo et al., 1996) . These data are considered to represent the age of the main high-pressure metamorphic event.
Petrographic evidence from the high-pressure granulites in the Hengshan domain indicates four distinct metamorphic assemblages. The early pro-grade assemblage (M 1 ) is represented by quartz and rutile inclusions within the cores of garnet porphyroblasts, and omphacite pseudomorphs that are indicated by clinopyroxene +sodic plagioclase (An 10-20 ) symplectic intergrowths of which the exsolution-like sodic plagioclases make up to 30-40 vol.% (Fig. 8(a) ). Similar textures have also been observed in many other high-pressure granulites and retrograded eclogites, and are thought to indicate the replacement of omphacite by plagioclase and clinopyroxene through the following solid-solid reactions during the transition from eclogite facies to high-pressure facies (Heinrich, 1982; Rubie, 1990; Smelov and Beryozkin, 1993; Mö ller, 1998) :
The peak assemblage (M 2 ) consists of clinopyroxene+ garnet+sodic plagioclase+quartz9 hornblende.
Garnet show pronounced compositional variations, with a decrease in almandine and pyrope and an increase in grossular, spessartine and X Fe [= Fe/(Fe + Mg)] from rim to core (Table 3 and Fig. 4(c) ). The cores of large subhedral grains are compositionally homogeneous with relatively flat profiles (Fig. 4(c) ), which we interpret as having developed during peak metamorphism. The outermost rims, ca. 0.5 mm wide, have low grossular and high almandine contents (Fig. 4(c) ), which reflect resetting by diffusion and/or net-transfer reactions during post-peak decompression and cooling. Plagioclase also shows a distinct compositional zoning, varying in composition from An 12 to An 46 , with an oligoclase core and an andesine rim (Table 3 and Kreze (1983) . Fig. 4(d) ). Clinopyroxenes show irregular zoning patterns, especially with respect to Ca, Mg and Fe, and their Al contents increase slightly from rim to core, whereas Na contents are nearly uniform (Table 3 and Fig. 4(e) ). There is a marked difference in compositions between the core and rim of hornblende. The core is higher in SiO 2 and MgO but lower in Al 2 O 3 than the rim (Table 3 and Fig. 4(f) ). These core to rim composition variations could reflect the early highpressure equilibration and partial re-equilibration during post-peak thermal events.
The M 3 stage represents the development of orthopyroxene+clinopyroxene +plagioclase symplectites and coronas surrounding embayed garnet grains. The symplectic texture consists of intergrowths of fine-grained, worm-like orthopyroxene+plagioclase9 magnetite around embayed garnet grains. The corona textures consist of very elongate plagioclase, clinopyroxene and/ or orthopyroxene, separating garnet and quartz, where plagioclase is always present adjacent to garnet, and the clinopyroxene and/or orthopyroxene mantles quartz (Fig. 8(b) ). In some places, garnet is only surrounded by plagioclase + ilmenite symplectites, without symplectic orthopyroxene (Fig. 8(c) ). The symplectic or coronitic orthopyroxene, plagioclase and clinopyroxene may be produced by a combination of decompressional reactions (1), (2) and (3); the symplectite plagioclase +ilmenite may be produced through the following generalized reaction:
Symplectic or coronitic plagioclase are generally labradorite to bytownite, more calcic than matrix plagioclase (Table 3) , without a pronounced compositional zoning (Fig. 4(g) ). Symplectic or coronitic orthopyroxene is also compositionally homogeneous with a relatively flat compositional profile (Fig. 4(h) ).
The M 4 is represented by hornblende+ plagioclase symplectites which occur as worm-like intergrowths adjacent to garnet. They are petrographically similar to the symplectites in the medium mafic granulites discussed in the Hengshan, Fuping and Huaian domains.
The P-T conditions of the early prograde assemblage (M 1 ) cannot be quantitatively estimated because of the absence of representative high-pressure minerals (e.g. omphacite). The THERMOCALC program yielded P-T conditions of 13.4-15.5 91.5 kbar and 770-840 9 50°C for the peak mineral assemblage (M 2 ), based on the core compositions of garnet, matrix clinopyroxene, hornblende and plagioclase. The P-T conditions of orthopyroxene+ plagioclase9 magnetite symplectite and clinopyroxene+ orthopyroxene+ plagioclase corona (M 3 ) were estimated at ca. 6.5-8.09 1.0 kbar and 750-8309 40°C, and hornblende+ plagioclase symplectite (M 4 ) at 4.5-6.0 91.2 kbar and 680-7909 60°C. The combination of petrographic textures, mineral compositions and thermobarometric data defines a near-isothermal decompressional clockwise P-T path for the Hengshan high-pressure granulites (Fig. 6(i) ). A similar P-T path has been established for the high-pressure granulites in the Huaian domain (Fig. 6(i) ; Zhai et al., 1992) .
Northern Hebei domain (NH)
The Northern Hebei domain, previously named the Hongqiyingzi Complex (Zhang, 1990) , is located in the northern part of the Central Zone (Fig. 2) . The domain comprises felsic gneisses, amphibolites, marbles and mica schists in low amphibolite facies, locally at upper amphibolite to granulite facies (Zhang, 1990) . Garnetiferous mica schists display three mineral assemblages: garnet (core)+ staurolite +kyanite + muscovite + biotite + plagioclase+ quartz (M 1 ), garnet+ sillimanite+ muscovite+ biotite+plagioclase+ quartz (M 2 ), and chlorite+muscovite (M 3 ) (Zhang, 1990) . Except for garnet, all other M 1 minerals occur as mineral inclusions within garnet porphyroblasts; the M 2 minerals are present as porphyroblasts (garnet) and matrix, and the M 3 minerals occur as retrogressive rims surrounding garnet grains. The P-T evolution of these three assemblages can be Fig. 9 . P -T pseudosection for a portion of the KFMASH system (after Powell et al., 1998) showing the qualitative P-T path of the northern Hebei metapelitic schists constrained by the sequence of mineral assemblages. Mineral symbols are after Kreze (1983) .
declining P-T conditions (Barker, 1989, pp. 60-61) , and thus, the M 3 assemblage of chlorite+ biotite+muscovite is assumed present in an area with P-T conditions lower than those of the M 2 assemblage. Taken together, a clockwise P-T path has been qualitatively inferred (Fig.  9) .
The garnetiferous amphibolites from the Northern Hebei domain exhibit two distinct mineral assemblages. The M 1 assemblage is garnet+amphibolite+ plagioclase+ quartz, representing the growth of porphyroblasts and matrix minerals; the M 2 assemblage is represented by plagioclase+hornblende symplectites around garnet grains. The M 1 P-T conditions were estimated at 9.0-10.5 kbar and 600-650°C with the garnet-amphibole thermometer of Graham and Powell (1984) and the garnet + amphibolite+ plagioclase+ quartz barometry of Kohn and Spear (1990) . The P-T conditions of plagioclase+hornblende symplectites cannot be estimated because of the lack of analytical data, but in the majority of cases the development of hornblende+plagioclase symplectites surrounding garnet grains is considered to the direct result of decompression (cf. Barker, 1989, pp. 55-56) . Therefore, a clockwise P-T path can be inferred from the amphibolites for the Northern Hebei domain.
Tectonic implications
As shown in Fig. 6 , the metamorphic domains in the Central Zone of the North China craton, regardless of their protolith age, metamorphic grade and composition, are all characterized by clockwise P-T paths. Some errors may exist in P-T estimates because of the use of inconsistent thermobarometry for some domains, but the similarity in metamorphic evolution among these domains is clearly not an artefact of thermobarometry since the inferred P-T paths are constrained not only by P-T estimates, but also by metamorphic reaction textures. Metamorphic textures from mafic granulites, amphibolites and pelitic rocks in the Central Zone indicate a nearly isothermal decompression process (M 2 ) qualitatively defined by a P -T pseudosection (Fig. 9 ) of the KFMASH grid of Powell et al. (1998) . This KFMASH (+ muscovite+ quartz + H 2 O) grid shows a prograde sequence of mineral assemblages similar to those observed in the pelitic schists from the Northern Hebei domain. For example, the staurolite+garnet + biotite and kyanite +garnet +biotite fields can be used to show the M 1 assemblage; the sillimanite+ garnet+ biotite and sillimanite+biotite fields can be used to show the M 2 assemblage; the chlorite+biotite field can be used to show the M 3 assemblage. In each field muscovite+ quartz+ H 2 O are assumed present. As seen in Fig. 9 , the equilibrium pressures of the staurolite + garnet+biotite and kyanite+ garnet + biotite fields are higher than that of the sillimanite+ garnet+biotite and sillimanite +bi-otite fields, and thus, the transition from M 1 to M 2 represents a decompressional process. The chlorite+ biotite field has a wide P -T scope, but in most cases, retrogression of garnet into chlorite and/or biotite occurs in association with following the peak metamorphism (M 1 ) and then decompressional cooling process (M 3 ). The nearly isothermal decompression (M 2 ) textures are represented by worm-like orthopyroxene/ clinopyroxene+plagioclase symplectites or coronas in mafic granulites, hornblende/cummingtonite+ plagioclase symplectites in amphibolites and cordierite9 orthopyroxene 9 spinel symplectites in high-grade pelitic gneisses. The decompressional cooling (M 3 ) textures are shown by hornblende +plagioclase symplectic coronas in mafic granulites, chlorite+epidote + mica retrogressive rims around garnet or hornblende grains in amphibolites, and biotite+ Kfeldspar+magnetite replacing garnet, cordierite, sillimanite in pelitic rocks. These textural relations define a clockwise P -T evolution.
The estimated clockwise P -T paths for different domains of the Central Zone is compatible with a tectonothermal process characterized by initial crustal thickening, subsequent nearisothermal exhumation and final cooling, a sequence of tectonothermal events typical of continent-conti-nent collisional environments Thompson and England, 1984) . Considering the spatial and temporal relationships between basement rocks in the Central Zone and Eastern and Western Blocks of the North China Craton, it is believed that the sequence of tectonic events inferred from the P-T evolution of the basement rocks in the Central Zone was related to the collision between the Eastern and Western Blocks. Geochronological data invariably indicate that this collisional event occurred at 1.8 Ga (Wu and Zhong, 1998) .
Based on this study and previous work (Zhao et al., 1998 (Zhao et al., , 1999a Zhao et al., in press) , it was proposed that in the late Archean to Paleoproterozoic, the Eastern and Western Blocks in the North China Craton existed as two separate continental blocks. The Eastern Block had an active-type continental margin on which intracontinental arcs and intra-arc basins developed and subsequently became the Central Zone, whereas the Western Block had a passive-type continental margin on which stable continental margin sediments were deposited and subsequently became the khondalites present along the eastern margin of the Western Block (Zhao et al., 1999a) . Separating the two continental blocks was an old ocean, the floor of which was subducted beneath the western margin of the Eastern Block (Fig. 10(a) ). By 1.8 Ga, the old ocean between the two blocks disappeared by complete subduction, and the collision between the Eastern and Western Blocks occurred (Fig. 10(b,c) ). During the collision, the Paleoproterozoic sedimentary formation on the passive continental margin of the Western Block was obducted over the active-type continental margin of the Eastern Block (Fig. 10(b) ), because of its relatively low density. This can explain the tectonic relationship that some Paleoproterozoic khondalites were thrusted over the granulite facies terrains (e.g. Huaian, HPG and Fuping domains) in the Central Zone. The collision caused the crust of the Central Zone to double in thickness and to be metamorphosed (M 1 ) in medium-to high-pressure granulite facies (e.g. the Hengshan, Huaian, Fuping, Taihua and HPG domains) in the lower crust and greenschist to amphibolite facies, (e.g. the Wutai, Lü liang, Zhongtiao, Dengfeng, Zanhuang and Northern Hebei domains) in the upper crust. Following peak metamorphism, the thickened crust underwent exhumation driven by crustal isostatic compensation and accompanied decompression metamorphism (M 2 ) which resulted in the development of widespread symplectic textures in the rocks. Finally, retrogressive cooling, accompanied by hydration (M 3 ) occurred in the metamorphic crust when exhumation ceased. The mineral reaction textural relations and P-T paths of the basement rocks in the Central Zone record the tectonothermal history of collision between the Eastern and Western Blocks which resulted in final assembly of the North China Craton. The clockwise P-T paths of some Archean mafic granulites and TTG gneisses in the Western Block adjacent to the boundary with the Central Zone reflect reworking of the Archean basement rocks during the Paleoproterozoic collisional event. 
